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ABSTRACT 
Liquid oxygen impact sensitivity levels were determined for single and mu1 ti-ply 
Mylar, Kapton and FEP Teflon coated Kapton polymeric f i lm samples. The effects 
of  stacking; the addition of a TFE Teflon fabric cushioning ply; and long term LOX 
exposure were determined. Tests were conducted per the Army Ballistic Missile 
Agency (ABMA) impact test specification. 
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COMPATIBILITY OF POLYMERIC FILMS WITH LIQUID OXYGEN . 
by 
John T. Hoggatt 
The Boeing Company 
1.0 SUMMARY 
This program represents the first task of a program to develop a polymeric positive 
expulsion bladder for liquid oxygen propellant systems. 
Task I was to select polymeric f i l m  materials and material configurations for future 
bladder fabrication. To aid i n  making a selection, the liquid oxygen impact 
energy threshold values of twenty different polymeric sample configurations were 
determined. These samples consisted of four basic polymeric films; 1/4-mil and 
1/2-mil Mylar, 1/2-mil Kapton and 1/2-mil Kapton f i lm  coated both sides with 
1/2-mil FEP Teflon, i n  single and multi-ply configurations. TFE Teflon fabric 
was placed between the film plies of select samples to investigate the possible 
decrease of the laminate impact sensitivity by increasing i t s  energy absorbing 
capabilities. Each p ly  of the sample, including the fabric, contained a butt 
seam with an adhesive bonded reinforcing doubler on each side. The effects of 
a mu1 ti-ply sample, the influence of Teflon fabric as an energy absorbing media, 
and the effects of long term liquid oxygen exposure on the impact sensitivity level 
of a given material were determined. The impact sensitivity tests were conducted 
per the standard ABMA specification pertaining thereto. This test method was 
determined to be the most reliable test for in i t ia l  material screening. Final testing 
of materials for LOX compatibility w i l l  be accomplished in  subsequent program 
tasks by actual expulsion cycling the bladders, i n  the presence of LOX, under severe 
static and dynamic conditions. 
The prime objective of 
I t  was shown that the ABMA test method for impact sensitivity determinations, 
which was designed for single-ply materials, could be adapted for multi-ply sample 
testing. However the results between multi-ply and single-ply tests do not appear 
1 
to have a direct correlation. MuIti-ply testing of a given material results i n  
a greater "indicated" LOX impact sensitivity than does the same material i n  
single-ply form. Additional testing with a wider variety of materials i s  required 
to establish a l imi t  of acceptability for multi-ply samples. 
I 
None of the twenty laminated configurations tested passed the ABMA impact 
acceptability requirement of 72 ft-lb, even though i n  some samples a l l  the 
individual material components are rated as LOX compatible. I n  subsequent 
tests i t  was verified that single plies of plain Kapton film, FEP coated Kapton 
fi lm and TFE Teflon fabri,: are LOX compatible. 
The effects of long term LOX exposure of polymeric materials upon their impact 
sensitivity was establ ishecl by  submerging selected laminated samples i n  LOX for 
a period of 14 days and tFen testing. The exposure resulted i n  both a greater 
reactivity and a greater sensitivity to impact. 
Mylar and Kapton film, without substrate plies, were selected as materials for 
bladder fabrication. 
. 
2 
2.0 INTRODUCTION 
The ABMA* LOX impact sensitivity test was 
standard of comparison for determining a given material's sensitivity to ignition 
resulting from impact in a LOX environment. (References 1-4). 
standard, a material that fails to char, flash or explode under an impact of 72 
ft-lbs of energy i n  twenty consecutive test determinations i s  considered LOX 
compatible, enabling i t  to be used in  LOX systems. Polymeric materials have 
found only limited use in  liquid oxygen environmental applications, such as i n  
propulsion systems, due to their relatively high LOX impact sensitivity under this 
test. Consequently, the probability of developing a polymeric f i lm  combination 
that was both flexible at LOX temperatures and fully LOX compatible according 
to ABMA specifications was considered somewhat remote. Nevertheless, the 
ABMA test method was considered to be the most reliable test for ini t ial  material 
screening even though the 72 ft-lb requirement was considered high for expulsion 
bladder materials. Final testing of the materials for determination of LOX com- 
patibil i ty w i l l  be conducted by cycling bladders under rigid static and dynamic 
expulsion tests i n  a LOX environment. The results of the bladder tests w i l l  then 
be compared to those obtained by the ABMA test. 
established to provide a much needed 
Under this 
Extensive data i s  available on a multitude of polymeric materials, all of which 
were tested in  a single p ly  form in  accordance with the ABMA test requirements. 
Unfortunately most polymeric materials, especially films, are not used in  the 
"as-received" condition but are usually bonded or laminated together or to another 
substrate material. The current ABMA test has not been extended to the testing 
of  thick or multi-ply sample testing. The established l imi t  of acceptability 
(72 ft-lb) does not reflect i n  any way the intended use of the material nor does 
i t  account for the fact that two supposedly compatible materials when laminated 
or used i n  multi-layer construction may not be acceptable i f  retested i n  these 
configurations. This inconsistency arises from voids and stress concentration 
developed in  the processing of the materials. These discontinuities can be 
*Army Ballistic Missile Agency, Huntsville, Alabama. 
3 
sufficient to lower the impact sensitivity level of the composite below 
acceptable limits. Impact data i s  needed that reflects these influences. The 
l imit of acceptability should i n  turn take into account the degree of impact 
the material may receive i n  service. I n  some instances this may exceed 72 ft- 
Ib of energy and in  others, under the most severe conditions, i t  may be sub- 
stantially less. 
Therefore, four flexible polymeric films of known LOX impact sensitivity were 
selected to investigate the effect of certain processing and usage parameters 
upon the relative LOX impact sensitivity levels of the materials. The parameters 
were chosen with the materials intended use in  the construction of LOX positive 
expulsion bladders. These were: ( 1 )  the effects of an adhesive joint, (2) the 
influence and practicality of multi-ply sample testing, (3) the influence of the 
addition of a shock damping material, and (4) the effects of long-term LOX 
exposure. 
The material combinations tested which showed the highest impact-insensitivity 
values were selected for the bladder fabrication and LOX testing under subsequent 
program tasks. 
4 
3.0 TEST PROGRAM 
3.1 MATERIAL SELECTION 
The material selection for this program was limited to those shown in  Table I 
and was based solely on impending usage in  expulsion bladder applications. 
Mylar, Kapton and FEP Teflon-coated Kapton were selected as the basic 
barrier f i lm materials; and TFE Teflon fabric as the basic substrate and abrasion 
p ly  material. Mylar, even though known to be LOX impact sensitive, was 
chosen for i t s  demonstrated performance as a cryogenic bladder material 
(References 5 ,  6 and 7). The Kapton f i lm was selected principally for i t s  
excellent f lexibi l i ty  at -32OoF, i t s  high threshold of impact insensitivity 
(approximately 72 ft-lbs) and demonstrated performance as a bladder material 
(References 7, 8, and 10). The third material, Kapton f i l m  with Teflon fi lm 
laminated to each surface, was chosen for i t s  LOX impact insensitivity qualities. 
Although the f lexibi l i ty  of the coated fi lm i s  known to be lower thanthat of 
pure Kapton f i l m  a t  cryogenic temperatures (Reference lo), i t  i s  st i l l  considered 
acceptable,and the material i s  LOX impact insensitive by ABMA standards 
(Reference 9 ) .  
For the abrasion and substrate p ly  material, bleached TFE Teflon fabric was 
selected. This material i s  LOX impact insensitive at 72 ft-lbs and has good 
f lexibi l i ty  and cyclic endurance a t  cryogenic temperatures. I t  was originally 
intended to use TFE felt in  place of the fabric; however, the minimum commer- 
c ia l ly  available thickness was 1/16", which i s  too heavy for practical bladder 
usage. 
The adhesive selection for the program was a thermoplastic polyester adhesive, 
GT-300. The adhesive i s  LOX impact sensitive and i s  considered a poor choice 
from that standpoint. O n  the other hand, most available adhesives are impact 
sensitive,and the few that are not sensitive either do not lend themselves to 
5 
s 
i? 
2 
SA L 
3 
Q) 
U 
C 
0 
L 
3 
U 
4- 
- 
W 
U 
Q) 
Q x 
I- 
0 
0 
'? 
L 
e Q) 
x 
0 a 
3 - 
E - .- 
LL 
0" - 
f 
0 
V 
v) Ls 
E 
z" 
Q) 
U 
C 
0 a 
3 
U 
c 
- 
W 
u) 
u) 
h 
I 
u) 
xo 
0 
u) 
0 
Q) 
0 
E .- 
x 
0 a 
- 
E - .- 
LL 
5 c 
Q 
0 
Y 
V 
C - 
4 
In 
Q) 
X 
a, + 
- .- 
.I- 
E 
0 
v, 
U 
C 
U 
Q) 
Ln 
c 
E 
c 
00 m 
I 
I- 
7 
O 
0 
C 
4 
0 
V 
0 
3 
U 
2 
- 
V 
U 
LL 
W 
LL 
I- 
.- 
L n 
0. 
0. 
LL r 
X 
0 
u) 
S .f--o mop 
uo 
e 
3 
0 
5 
Z 
Q) 
U 
4- 
C 
0 a 
3 
U 
W 
0 
7 
6 
acceptable bladder fabrication techniques or do not give satisfactory 
performance at cryogenic temperature. Therefore for the lack of a better 
) 
system, GT-300 was used. FEP Teflon was used whenever possible as a 
thermoplastic adhesive (sealing medium). This material could only be used 
to seal FEPfoated Kapton to itself or to the TFE fabric since FEP Teflon does 
not adequately seal to plain Kapton or Mylar film. 
3.2 SPECIMEN PREPARATION 
The individual test specimens consisted of one of three basic barrier f i lm 
materials, Mylar, Kapton, or FEP/Kapton/FEP, plies with and without Teflon 
fabric, i n  the sequence shown i n  Table II. Each p l y  of the sample contained 
one of the five seam configurations illustrated i n  Figure 1 and described below, 
with no bond or seal between plies. Shown in  Figure 2 i s  a typical test specimen. 
The individual seams were fabricated as follows: 
A. Mylar Seam (Figure 1 -A) 
This seam was used for both the 1/4-mil and 1/2-mil Mylar barrier plies. 
I n  each instance, the 1 ' I  wide f i lm strips were butt jointed and bonded on 
both sides with GT-300 polyester adhesive. The bonding operation was 
accomplished using a hand sealing iron set a t  350' *2OoF. Each side of 
the fi lm was sealed separately. 
B. Kapton Seam (Figure 1-B) 
The procedures for making the Kapton seam were identical to those uti l ized 
for the Mylar films (item A above) with the following exception: 
Prior to seam fabrication a l l  of the Kapton fi lm was heat treated to remove 
traces of residual solvent by heat aging the fi lm at 450' *lO°F for a period 
of 48 hours. Data has indicated that Kapton fi lm i s  LOX compatible 
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I- 7 0.5 inch ? 0.5 inch 
A 
1 GT-300 Tape (1/2-miI 1 
po I yes ter adhesive with 
1/2-miI mylar film) B 
JOINT FOR MYLAR FILM CONCEPTS JOINT FOR KAPTON 
FILM CONCEPTS 
--)1 0.5 inch 
FEP-Coated Kapton Fi lm 
4 / 2  -mil  FEP w/l/2 m i l  film) 
used as thermally activated 
adhesive tape 
C 
JOINT FOR FEP-COATED KAPTON 
FILM CONCEPTS 
--I Oo5 inch Teflon 
FEP-Coated Kapton Film 
(1/2-miI FEP w/l/2 m i l  
Kapton) 
D 
JOINT CONCEPT FOR ALL 
SUBSTRATE PLIES 
Teflon Fabric (thermally sealed /- to f i l m  at  joint only) FEP-coated Kapton F i lm  (1/2-miI FEP w/l/2 m i l  7 
Kap ton W/ 1/2-mil FEP 
\ FEP-Coated Kapton Fi lm 
1/2 mi l  FEP w/1/2 m i l  Kapton E 
JOINT CONCEPT FOR ALL ABRASION PLIES 
FIGURE 1 - JOINT CONCEPTS 
9 
Abrasion Ply (see Figure 1 -E) l- 
J 
Substrate Plies (See Figure 
(if specified) 
-Barrier Fi lm Plies 
(See Figures 1-A, -B, or -C) 
FIGURE 2 - REPRESENTATIVE TEST SPECIMEN - LOX IMPACT TEST 
10 
(References 2 and 9) if the residual solvent content i s  below 0.3 'X .  
Normally the residual solvent content of "as received" material ranges 
from 0.2-0.5%. Due to  this residual solvent variation, Kapton i s  given 
a "batch" rating (Reference 2); that is, some lots are LOX compatible 
while others are notland each lot  must be tested individually. 
With the use of thermogravimetric analysis techniques i t  was determined 
that 48 hours at  450'F was sufficient to lower the residual solvent content 
of the purchased fi lm to the acceptable 0.3% l i m i t .  LOX impact tests 
(Table IV) were conducted on the fi lm to verify that this treatment was 
satisfactory. 
I t  should be noted that higher treating temperatures could be used, which 
would result i n  shorter exposure times. Howevei., i t  was desirable to use 
the same exposure cycle for both the FEP/Kapton and plain Kapton film. 
Because the FEP Teflon imposes temperature limitations ( < 525'F)) the 
temperature of 45Oo-475'F was selected. The FEP/Kapton/FEP f i lm was 
not heat treated since i t  has been given a satisfactory rating under "as- 
received'' conditions. 
C. FEP/Kapton/FEP Seams (Figure 1-C) 
The coated Kapton fi lm was prepared in  the same manner as the two 
previously mentioned barrier f i lm plies, except in  place of the GT-300 
adhesive, FEP/Kapton was uti l ized as the adhesive. The 1/2" wide 
FEP/Kapton fi lm was heat sealed to the FEP/Kapton/FEP fi lm using a 
sealing iron set at 615' *lO°F. The fi lm was applied to each side of the 
barrier f i lm i n  separate sealing operations. The FEP/Kapton was heat 
treated prior to use (see Item B. above for treating process). 
1 1  
D. Substrate Seams (Figure 1 -D) 
TFE Teflon fabric was used for a l l  substrate plies. The fabric was joined 
using a butt joint and reinforcing doublers on each surface as shown in  
the illustration. The doubler, which consisted of Kapton/FEP film, was 
heat sealed to the fabric. An iron temperature of 615' *lO°F was used. 
Each doubler was sealed to the fabric i n  separate operations. 
The TFE fabric used for both the substrate plies and the abrasion plies 
was bleached and dimensionally stabilized prior to uselusing the following 
process : 
Loosely folded fabric was placed in  a clean vented oven for 
4 hours at  475OF followed by 48 hours at 575OF. A 22-25% area 
reduction occurred during the conditioning process due to shrinkage 
of the fibers; however, a closely-woven, dimensionally stable 
white Teflon fabric resulted. The treating process i s  required to 
obtain a LOX compatible material (Reference 2).  
E. Abrasion Seams (Figure 1 -E) 
As shown in Figure 1-E, the abrasion p ly  consisted of FEP/Kapton joined 
to TFE Teflon fabric with FEP/Kapton/FEP film. 
fabricated using a two-step hand process. In the first step the FEP/Kapton 
barrier f i lm was joined together with the FEP/Kapton/FEP. I n  the second 
step, the TFE fabric was sealed to the f i lm laminate. 
Again this seam was 
Each of the seams mentioned above was fabricated under clean room conditions. 
The materials were thoroughly cleaned with methyl ethyl ketone and dried prior 
to use to remove fingerprints, foreign particles and other contaminants which 
could be entrapped during the seam fabrication. Nylon cloth was used to clean 
the materials to prevent the entrappment of l int.  Figures 3 and 4 show the 
cutting and sealing tables used. 
. 
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Following completion of the seams, the fi lm strips (approximately 2" wide x 
6 feet long) were transported to the Boeing Tulalip Test Site where the LOX 
impact testing was accomplished. This faci l i ty  i s  equipped with a ''preparation 
room" especially designed for support of LOX impact testing. In  this facil i ty 
each f i lm  strip was washed in  a hot detergent (Diversey 909) solution, scrubbed 
and then rinsed in  tap water, followed by a rinse i n  deionized water. Each strip 
was then dried at 180-212OF in  a stainless steel conditioning oven for 30-60 
minutes. 
Individual f i l m  discs, 11/16" in  diameter,were stamped from the clean strips 
directly over the seam area. A Teflon pad was used in  the stamping operation 
to prevent detrimental contamination. The plies or discs were then assembled 
i n  the sequence prescribed in  Table 11. With the exception of the single-ply 
specimens shown i n  Table I I ,  each sample contained an abrasion ply on the 
upper and lower surfaces. When substrate plies were required, they were spaced 
alternately with the barrier f i lm plies. 
Figure 5 gives a graphical presentation of the sample preparation, cleaning 
and assembly process. 
3.3 EQUIPMENT 
The LOX impact sensitivity tester shown in  Figures 6, 7, and 8 was used for all 
impact tests stated herein. This equipment and i t s  operation are certified to 
MSFC-SPEC-106A (Reference 4). A detailed description of this equipment and 
i t s  operation can be found in  References 1 and 3; however, shown i n  Figures 9 
and 10 are detailed schematics of the anvil, striker p in  and sample cup. 
I n  the ABMA LOX impact test a plummet of known mass i s  dropped, under near- 
frictionless conditions,from a given height, impacting a small test sample 
contained i n  an aluminum cup and submerged in  LOX (see Figure 9). I f  the 
material i s  LOX impact sensitive i t  w i l l  char, flash or explode. For a 
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FIGURE 6 - TEST CELL AND CONTROL CONSOLE 
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ELECT ROMAG N E T  
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~ Plummet (20 Ibs) Oil 
Hardened Tool Steel 
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/ Plummet Nose 2 
Sample Cup 
lide 
FIGURE 9 - DETAILS OF STRIKER, SAMPLE CUP, AND SAMPLE 
(IMPACT SENSITIVITY TESTER) 
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material to be considered LOX impact insensitive i t  must be capable of 
absorbing 72 ft-lbs of energy (9.04 kg dropped from a height o f  1.1 meters) 
without any reaction i n  20 successive trials. The threshold energy value i s  
defined as the maximum impact energy a material can withstand in LOX 
without igniting (charring, flashing, etc .). Again no reactions must be 
obtained in  20 samples. 
3.4 PROCEDURES 
The equipment and support facilities were operated and maintained in  
accordance with the requirements of MSFC-SPEC-106A (Reference 3). The 
impact specimens were conditioned and tested per MSFC-SPEC-1MA with 
the following exception: 
The ABMA test was not designed to test multi-ply films or a "stack" of materials, 
and no provisions are made to do so; therefore, changes had to be incorporated 
i n  the test to accommodate the proposed test samples. The polymeric films 
used were of much lower density than LOX and had a tendency to float to the 
surface. I n  the multilayer specimens this presented a serious problem since i t  
was extremely diff icult to maintain the p ly  orientation and the stack alignment 
i n  the cup. As a solution, a small stainless steel sleeve was placed on the 
samples to keep them submerged (see Figures 1 1  and 13). The striker p in  con- 
tacted the specimen by passing through the loosely f i t t ing sleeve. The sleeve 
was light enough to permit LOX to freely circulate between the f i lm plies yet 
heavy enough to restrain the film. Comparative tests were run on single p l y  
f i l m  specimens with and without the added sleeve,and no difference i n  the 
frequency of reaction was detected. 
The added sleeve provided a satisfactory means of testing a l l  samples except 
those of 41 plies. O n  those specimens, as the striker p in  impacted the sample, 
the lower plies were hydraulically expelled from the cup, making i t  impossible 
to determine the exact number of plies impacted. To remedy the situation a 
different style sleeve, shown in  Figure 12, was uti l ized for the remaining tests. 
22 
Mu It i -ply 
Sample 
FIGURE 1 1  
(Nominal Wt. 6 gms) 
Multi -ply 
Sample 
6 gms) 
FIGURE 12 
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FIGURE 13 - PIN, SLEEVE AND CUP 
24 
The anvil was cooled with liquid nitrogen to minimize LOX boil-off and to 
assure the presence of LOX in the sample cup. The cup, sleeve, p in  and 
sample were cooled in LOX prior to testing as required i n  the test specification. 
Figure 14 shows the LOX holding (cooling) tray. 
Samples for the 14-day soak were placed i n  individual sample cups and 
weighted with a sleeve to prevent flotation. 
i n  the holding trays shown i n  Figure 15 and submerged i n  liquid oxygen for a 
period of 14 days. The cryostat shown in  Figure 16 was used. An automatic 
f i l l  device assured that a constant LOX level was maintained i n  the cryostat. 
The soak period was arbitrarily selected and intended to insure that the speci- 
mens would be LOX saturated at the time of test. 
The cups were then arranged 
25 
FIGURE 14 - LIQUID OXYGEN COOLING BATH 
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4.0 RESULTS AND DISCUSSION 
I .  
Tabulated i n  Tables Ill and IV are the test results obtained in  this program. 
Table I l l  contains data on the LOX impact sensitivity data on the single and 
multi-ply samples. Each p ly  of the samples shown in  Table Ill contained a 
seam as stated i n  Section 3.2. 
Table IV gives comparative results of plain polymeric f i lm  materials, without 
seams or adhesives of any nature. 
Table V presents related LOX impact data for comparative purposes obtained 
and reported by NASA (Reference 2 ) .  
None of the fi lm composite samples tested successfully passed the ABMA accept- 
ance requirements of 10-Kg-m (72 ft-lbs). 
pure Kapton, Kapton/FEP and TFE Teflon fabric successfully passed this require- 
ment. For each configuration, ini t ial  tests were conducted at  the 72 ft-lb 
energy leveband then if reactions occurred, the level was lowered unti l the 
threshold value was obtained. 
Of the plain materials (no seams), 
I t  i s  apparent from the results presented i n  Table Ill that increasing the number 
of barrier f i l m  plies increases the LOX impact sensitivity of the material. Th is  
i s  contrary to the popular belief that stacking a material would increase the 
threshold energy level (decrease sensitivity) due to the energy loss during com- 
paction. Apparently during compaction (impact), the liquid oxygen which i s  
present between each layer, and within the Teflon fabric, i s  expelled at an 
extremely high velocity and with a high shearing action across the boundary 
layers, causing an instantaneous temperature rise. Due to the rapid impulse- 
type loading, the compression i s  essentially an adiabatic process. Thermal 
conduction through the sample and to the surroundings i s  negligible, and temp- 
erature peaks arise. The temperature increase, although small, i s  sufficient to 
lower the apparent impact energy level required for material ignition. At  the 
29 
Q) c 
Y o g g  
Y L  
0 . 2 "  
L 
a .- 
L 
I 
2 : 
Y .- c *  
o h  u :  
3 0 0  
0 0 3 m  * c 
I 1 1 - 7  I 1 1 - 7  I I I - -  I -el - c v  - c v  
0 
00 o c v - 0  
0000--7- I -04-m 
c 
h 4 4 3 3  
TABLE IV - RESULTS - LOX IMPACT SENSITIVITY TESTS ON 
PLAIN POLYMERIC MATERIALS 
Material 
1/4 mi 
1/2 mi 
1/2 mi 
Mylar 
Mylar 
My1 ar 
1/2 mi l  Kapton 
1/2 mi l  Kapton 
1/2 m i l  FEP on 
1/2 mi l  Kapton 
1/2 m i l  FEP on 
1/2 mi l  Kapton 
TFE Fabric 
Tefl on- Kapton 
Laminate D 
Treatment 
As-Received 
As-Received (Lot 1) 
As-Received (Lot 2) 
Aged 24 hrs at 
450' F 
As-Received @ 
As -Rece ived 
Aged 24 hrs at 
45OOF 
Bleached 
Aged 24 hrs at 
450° F 
P 
~~ ~ 
Impact Energy Level - kg-m 
10 8 6 4 2 1 
1 0 
1 0 
2 0 
0 
0 
0 
0 
0 
0 
(1/2 m i l  FEP-1/2 m i l  Kapton) f i l m  press laminated to both sides of (1/2 m i l  FEP- 
1/2 mil Kapton-1/2 m i l  FEP) fi lm. 
F i lm  sample supplied by NASA-LeRC. 
Number of reactions out of 20 test drops. 
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energy levels slightly above the threshold value, only slight surface charring 
was evident on the barrier f i lm  plies,and i t  had the appearance of flow 
rings radiating from the center of the ply. Occasional charring would also 
occur on the Teflon fabric substrate plies. At  the 9 and 10 Kg-m level the 
striker p in  would penetrate the upper portion of the stack, much l ike a 
hole-punch, impacting the remaining portion of the sample causing severe 
char damage. 
out areas. 
No charring or sign of reaction was present in  the punched 
I t  should be noted that a slight cushioning effect was detected as evidenced 
by the lower frequency of reaction at  the lower energy levels for the multi-ply 
samples. 
me n t i oned p re v i ous I y . 
This effect i s  dominated however by the local temperature rise effect 
The presence of substrate plies (Teflon fabric) between barrier f i l m  plies only 
slightly aided in  reducing the impact sensitivity of the composite. In almost 
every instance, samples containing substrate plies had a threshold energy level 
1 Kg-m higher than comparable samples without, but s t i l l  below that of an 
individual barrier ply. 
The GT-300 polyester adhesive and the Mylar f i lm had approximately the same 
threshold energy value (3-4 Kg-m). The adhesive seemed to be the l imiting 
factor on the Kapton f i lm  samples since the Kapton f i lm alone was insensitive 
at  the 72 ft-lb energy level (Table IV). It i s  apparent that i f  a LOX compatible 
adhesive had been available, samples could have been made that would be 
acceptable by ABMA standards. 
Intuitively, i t  would be expected that configurations 16 through 20 (Table I l l )  
would pass the 10 Kg-m requirements since they are composed entirely of impact 
insensitive materials. Unfortunately this was not the case. The reactions 
indicated i n  Table I I  for configurations 16 through 20 consisted of very slight 
chars, and appeared to be due to the shearing phenomenon previously stated. I n  
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testing configuration #16, few reactions occurred,but the few that did were 
i n  the seam lamination. I t  seems that during the heat sealing process, small 
occasional voids or pockets would form. 
result from the adiabatic compression of the trapped gas bubbles; causing 
subsequent charring. To verify this, similar samples were press laminated to 
eliminate the possibility of voids and tested at 72 ft-lbs. 
as shown in Table IV, indicating the importance of void-free seams. This 
phenomenon has been experienced previously by other investigators (Reference 1 1 ) .  
The variation in  the FEP f i l m  thickness resulting from the sealing operation i s  
another possible "triggering" mechanism (Reference 12). Slight discontinuities 
and voids in the Teflon adhesive layer interrupt the smooth transfer of energy 
through the sample. As a result, small quantities of impact energy and changes 
in  internal bond energy are transferred as increased vibrational energy or thermal 
energy (temperature peaks) on a localized basis to the boundary layer atoms. 
This energy transfer, i n  conjunction with the pressure shock waves and the 
natural frequencies i n  the system,can cause ''localized hot spots" or ignition. 
With standard hand sealing operations a few discontinuities are to be expected 
since i t  i s  extremely di f f icul t  to eliminate minute pockets and slight flow ridges, 
especially with a material with flow characteristics l ike FEP Teflon. I n  the 
multi-ply configurations (17 through ZO), i t  i s  d i f f icul t  to say to what extent 
the voids contributed to the low threshold values and the extent that can be 
contributed to the stacking effect. From the high degree of surface charring 
found and the increased frequency of reaction, i t  i s  believed that the stacking 
i s  the predominating factor. 
Upon impact, localized hot spots would 
No reactions occurred 
I t  should be noted that al l  reactions obtained, with the exception of those from 
the soaked specimens, consisted of charring and in  most instances a flash. In 
no test did an audible report occur. With the multi-ply samples i t  was necessary 
to screen the sample after test since charring would occur a t  random and at  
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times no flash would be evident. The degree of charring would range from 
minute or surface discoloration to complete sample destruction as shown in 
Figure 17. A specimen was considered sensitive i f  noticeable charring was 
present Gnywhere within the specimen. Figure 18 shows resulting damage to 
a cup and pin after a severe reaction. 
Comparing the data i n  Tables Ill and IV, i t  appears that configurations 16 
through 20 are basically LOX insensitive at the 10 Kg-m energy level; however, 
the test method and specimen fabrication produce side effects which increase 
the sample sensitivity . 
14-Day Soak 
The polymeric f i l m  samples exposed to LOX for a period of 14 days were very 
reactive and had a lower threshold value than the equilvalent unsoaked samples. 
The samples reacted violently with a flash and loud report, as compared to a 
mere flash with the unsoaked materials. This indicates that a considerable 
amount of LOX i s  absorbed by the samples. A t  the moment of impact a greater 
portion of the sample i s  i n  contact with the LOX, resulting i n  a greater reaction. 
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5.0 CONCLUSIONS 
1 .  None of the seamed polymeric fi lm specimens successfully passed the ABMA 
LOX compatibility requirement of 72 ft-lbs. However, tests confirmed that 
plain Kapton, FEP/Kapton and FEP/Kapton/FEP are LOX compatible and 
that with the advent of a suitable adhesive system and refined fabrication 
procedures LOX compatible polymeric systems can be developed. The latter 
point was demonstrated with the press laminated F EP/Kap ton-to-F EP/Kapton/ 
FEP samples. 
2. Testing multi-ply film samples, per the ABMA LOX impact test, produces 
detrimental side effects which gives indicated energy threshold levels below 
that of a single fi lm ply. No beneficial "cushioning" effect was experienced. 
3 .  Long exposure of Mylar and Kapton fi lm (with an adhesive seam) to l iquid 
oxygen, increases their impact sensitivity and degree of reactivity. The 
impact threshold level decreases approximately 1 Kg-m (7 ft-lbs) and the 
reactivity progresses from a mere char to the explosive state. The exposed 
samples were tested in a LOX saturated condition. 
4. MuIti-ply sample testing, using the methods and techniques established under 
the existing ABMA LOX impact test, i s  practica1,and usable data can be 
obtained. The data does not appear to correlate with single-ply data; however, 
more extensive tests are required before a f irm conclusion can be drawn. 
Mu1 ti-ply testing does give a lower indicated threshold level for a material 
than does the single-ply test. As a result, materials acceptable under 
current ABMA standards may not be acceptable i f  tested i n  multi-ply form. 
This could be significant i f  the intended use of that material requires a 
mu1 ti-layer construction. 
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6 .O RECOMMENDATIONS 
1 . Additional LOX impact sensitivity testing should be performed on mu1 ti-ply 
samples to determine if a correlation between single-ply and multi-ply test 
results can be made. The study should include an analysis of the nature and 
magnitude of the boundary layer forces which are generated under the high 
impact loadings within the multi-ply samples. 
2. Since the init iation of this program several polyimide adhesive systems have 
been developed which are compatible with existing expulsion bladder 
fabrication techniques. The use of such a system as a replacement for the 
polyester adhesive system; GT-300, should increase the LOX impact insensitivity 
level of a bonded Kapton f i l m  composite. Selective polyimide adhesive systems 
should therefore be investigated for LOX bladder usage. 
3. The ABMA LOX Impact Sensitivity Test Specification should be revised to 
include a provision for multiple-ply sample testing. It appears evident that 
a new standard of acceptance would have to be established for multiple p ly  
specimens. Such a standard would have to be established only after a large 
number of specimens constituting a variety of materials had been evaluated. 
Also, the investigation mentioned in  Item 1 above should be completed prior 
to the establishment of such a standard. 
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